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Abstract: Background: Although the use of regular replacement therapy including emicizumab for
severe hemophilia has been spread, the assessment of the hemostatic ability using routine activated
partial thromboplastin time (APTT) is still difficult in patients being treated with emicizumab.
Methods: The hemostatic ability in patients treated with FVIII concentrate or emicizumab was
evaluated by APTT, thrombin time (TT) and a small amount of tissue factor induced FIX activation
assay (sTF/FIXa) using a clot waveform analysis (CWA). Results: FVIII activities based on a CWA-
TT were significantly higher than those based on a CWA-APTT or chromogenic assay. FVIII
activities based on the three assays in plasma without emicizumab were closely correlated, and
those in plasma with emicizumab based on a CWA-TT and chromogenic assays were also closely
correlated. The CWA-APTT and CWA-TT showed different patterns in patients treated with FVIII
concentrates from those treated with emicizumab. In particular, the CWA-TT in patients treated
with FVIII concentrate showed that the peak heights were significantly higher in platelet-rich
plasma than in platelet-poor plasma. In plasma with approximately 16% of FVIII activity based on
APTT assay from patients treated with FVIII concentrate, the peak height on the CWA-sTF/FIXa
showed a higher hemostatic abilitythan normal plasma. Conclusions: The CWA-TT can measure the
FVIII activity in patients treated with emicizumab. Although routine APTT evaluations demonstrate
a low hemostatic ability in patients treated with FVIII concentrate, the CWA-TT and CWA-sTF/FIXa
show hypercoagulability in those patients.

Keywords: FVIII; emicizumab; CWA-APTT; thrombin time; thrombin burst

1. Introduction

Hemophilia A and B are congenital bleeding disorders characterized by missing or defective
factor VIII (FVIII) or factor IX, respectively [1,2]. Regular replacement treatment with FVIII
concentrate is preferred to prevent bleeding and joint damage in children with severe hemophilia [1-
4]. Extended half-life FVIII (EHL-FVIII), which reduces the number of injections, would substantially
improve the treatment options for hemophilia A patients [4,5]. Recently, efanesoctocog alfa, a von
Willebrand factor (VWF) independent, recombinant DNA-derived FVIII concentrate, was developed
by Bioverativ Therapeutics, Inc (a Sanofi company; Paris, France) and Swedish Orphan Biovitrum AB
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(Sobi, Stockholm, Sweden) [6,7]. This FVIII concentrate may elevate FVIII activity to more than 100%
in hemophilic patients.

Emicizumab (Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) [8,9], which is a bispecific
antibody for clotting factor X (FX) and FIX, is useful for life-threatening hemophilic patients with
inhibitors for FVIII and it can reduce the injection frequency for FVIII products in the treatment of
hemophilia A. However, measuring the FVIII activity and inhibitors for FVIII is difficult to carry out
in hemophilic patients being treated with emicizumab. Although hemophilic patients with inhibitors
should be treated with bypass therapy at the time of major surgery or severe bleeding, FVIII inhibitors
cannot be evaluated in patients treated with emicizumab. Therefore, anti-idiotype monoclonal
antibodies for emicizumab have been established, and the possibility of measuring the FVIII activity
and inhibitor titer in the presence of emicizumab has been reported [10].

FVIII activity and hemostatic ability have been analyzed in several reports using a routine APTT
assay based on the peak times of a clot waveform analysis (CWA)-activated partial thromboplastin
time (APTT) and chromogenic substrate assay [11-13]. However, few reports have described this
relationship between the FVIII activity assessed using the peak time and height of CWA-APTT,
including a small amount of tissue factor-induced activated FIX (sTF/FIXa) assay [14]. A CWA-small
amount of thrombin time (CWA-TT) also reflects thrombin burst and FVIII activity [15] and can be
used to measure the FVIII activity independent of the presence of emicizumab [16].

In the present study, the hemostatic ability and FVIII activity were evaluated in 25 patients with
hemophilia-related diseases using a CWA-APTT, CWA-TT and chromogenic assays and we discuss
thrombotic risk in hemophilic patients treated with FVIII concentrate.

2. Materials and Methods

Twenty-eight plasma samples were obtained from 23 patients with hemophilia, 1 patient who
was a carrier of hemophilia A and 1 patient with acquired hemophilia A who were managed at Mie
university Hospital from January 1, 2022 to December 31, 2022. (Table 1). The study protocol was
approved by the Human Ethics Review Committee of Mie University Hospital, and signed informed
consent was obtained from each participant. This study was carried out in accordance with the
principles of the Declaration of Helsinki.

Table 1. Subjects.

No Disease Severity FVIIIactivity Inhibitor RRT Drug
HA-1 HA Severe <1.0% Negative  Yes  Rurioctocog alfa pegol
HA-2 HA  Moderate 1.8% Negative  Yes Efraloctocog alfa
HA-3 HA Severe <1.0% Negative  Yes  Rurioctocog alfa pegol
HA-4 HA Severe <1.0% Negative  Yes  Rurioctocog alfa pegol
HA-5 HA Mild 23.3% Negative  No Octocog beta
HA-6 HA Severe <1.0% Positive ~ Yes Emicizumab
HA-7 HA Severe <1.0% Negative  Yes Octocog beta
HA-8 HA  Moderate <1.0% Negative =~ No  Rurioctocog alfa pegol
HA-9 HA Severe <1.0% Negative  Yes Emicizumab
HA-10 HA Severe <1.0% Negative  Yes Lonoctocog alfa
HA-11 HA Severe 1.0% Negative  Yes Octocog beta
HA-12 HA Mild 14.1% Negative  No FDCHB-FVIII
HA-13 HA Severe <1.0% Negative  Yes  Rurioctocog alfa pegol
HA-14 HA  Moderate 1.6% Negative  No —
HA-15 HA  Moderate 3.9% Negative =~ No  Rurioctocog alfa pegol
HA-16 HA Mild 6.7% Negative  No Rurioctocog alfa
HA-17  HA Mild 5.4% Negative  No Rurioctocog alfa
HA-18 HA  Moderate 2.2% Negative  No —

HA-19 HA Severe <1.0% Negative  Yes  Rurioctocog alfa pegol
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HA-20 HA Severe <1.0% Negative  Yes Emicizumab
HA-21 HA  Moderate 1.0% Negative  Yes Emicizumab
HA-22 HA Severe <1.0% Negative  Yes Emicizumab
HA-23 HA Severe <1.0% Negative  Yes Efraloctocog alfa
24 HA* Mild 20.4% Negative  No —

25-1 AHA  Severe <1.0% Positive No APCC

252 AHA  Severe <1.0% Positive No APCC

25-3 AHA  Severe <1.0% Positive No APCC

25-4 AHA  Severe <1.0% Positive No —

HA*, HA carrier; RRT, regular replacement therapy; HA, hemophilia; FVIII, coagulation factor FVII[; AHA,
acquired HA; APCC, activated prothrombin complex concentrate; FDCHBFVIII, Freeze-dried concentrated
human blood-FVIIIL.

The CWA-TT was measured using 0.5 IU thrombin (Thrombin 500 units; Mochida
Pharmaceutical Co., Ltd., Tokyo, Japan) with an ACL-TOP® system (Instrumentation Laboratory,
Bedford, MA, USA) [15,16]. Three types of curves are shown on this system monitor [15,16]. One
shows the changes in the absorbance observed while measuring the TT, corresponding to the fibrin
formation curve (FFC). The second is the first derivative peak of the absorbance (1t DP),
corresponding to the coagulation velocity. The third is the second derivative peak of the absorbance
(2~ DP), corresponding to the coagulation acceleration. FVI[-deficient plasma (Instrumentation
Laboratory), and calibration plasma (Instrumentation Laboratory) were used as normal plasma.
Emicizumab was kindly provided by Chugai Pharmaceutical CO., Ltd.

The CWA-APTT of platelet poor plasma (PPP) was measured using a HemosIL APTT-SP
(Instrumentation Laboratory) as previously reported [20]. PRP was prepared by centrifugation at 900
rpm for 15 minutes (platelet count, 40 x 10°/L), and PPP was prepared by centrifugation at 3,000 rpm
for 15 minutes (platelet count, <0.5 x 10'°/L) [17]. The sTF/FIX assay was performed using PRP, 10
IU/ml of FIX (Nonacog Alfa; Pfizer Japan, Tokyo Japan) and 2,000-fold diluted HemoslL
RecombiPlasTin 2G, (Instrumentation Laboratory) with an ACL-TOP® system [18].

The FVIII activity was measured by the one-stage clotting method of APTT peak time using
APTT-SP in an ACL-TOP system, with the chromogenic substrate method using a Revohem™ FVIII
chromogenics system (HYPHEN BioMed, Neuville-sur-Oise, France) using a CS-5100 device (Sysmex
Corporation, Kobe, Japan), or with the CWA-TT method with an ACL-TOP system [16].

Statistical Analyses

The data are expressed as the median (25th-75th percentiles). The significance of differences
between groups was examined using the Mann-Whitney U-fest. P values of <0.05 were considered to
indicate statistical significance. All of the statistical analyses were performed using the Stat-Flex
software program (version 6; Artec Co., Ltd., Osaka, Japan).

3. Results

Of the 23 patients with hemophilia, 15 were treated with regular replacement therapy, and 7
were treated with EHL-FVIII and 5 were treated with emicizumab (Table 1). Two standard curves
for FVIII activity using the CWA-TT in plasma with and without emicizumab were almost similar to
be able to determine FVIII activity in plasma with emicizumab using a standard curve in plasma
without emicizumab (Figure 1).
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Figure 1. Standard curve for the FVIII activity with and without emicizumab. Emi, emicizumab; FVIII,
coagulation factor FVIII; closed box, FVIII activity with emicizumab; open box, FVIII activity without

emicizumab.

FVIII activities based on the one-stage clotting assay using the CWA-TT were significantly
higher than those based on the one-stage clotting assay using the CWA-APTT or chromogenic assay
(Figure 2). Although the FVIII activity using the CWA-APTT peak time was scaled over in plasm
with emicizumab, the activities based on a CWA-APTT and CWA-TT in plasma without emicizumab
were closely correlated, and those based on a CWA-TT and chromogenic assay in plasma with and
without emicizumab were also closely correlated (Figure 3a-c).
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Figure 2. The FVIII activity based on a one-stage clotting assay using the clot waveform analysis
(CWA)-APTT or CWA-thrombin time or a chromogenic assay. FVIII, coagulation factor FVIII; APTT,
activated partial thromboplastin time; TT, thrombin time; FVIII activity without emicizumab; NS, not
significant; Plasma with emicizumab was excluded for measurement of FVIII activity.
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The CWA-APTT in HA-2 treated with FVIII concentrate (efraloctocog alfa; Sanofi K.K., Tokyo,
Japan) showed that the peak time was prolonged and the peak height was similar in comparison with
the normal control (Figure 4a), whereas the CWA-APTT in HA-22 treated with emicizumab was
showed that the peak time was shortened and the peak height was relatively low in comparison with
the normal control (Figure 4b). HA-3 treated with FVIII concentrate (rurioctocog alfa pegol; Takeda
Pharmaceuticals, Osaka, Japan) showed that FVIII activities were 7.4%-12.4%, with a prolonged peak
time and relatively low peak height on CWA-APTT and shortened peak time and normal peak height
of 1st DP on the CWA-TT (Figure 5a). HA-2 treated with FVIII concentrate (efraloctocog alfa) showed
that FVIII activities were 16.3%-21.0%, with a slightly prolonged peak time and normal peak height
on the CWA-APTT and shortened peak time and elevated peak height of 1t DP on the CWA-TT
(Figure 5b). HA-10 treated with FVIII concentrate (lonoctocog alfa; CSL Behring K.K., Tokyo, Japan)
showed that FVIII
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Figure 3. Correlation between the FVIII activity based on a one-stage clotting assay using the CWA-
APTT and CWA-thrombin time (a, without emicizumab and b, with emicizumab) and between the
FVIII activity based on a one stage clotting assay using the CWA-thrombin time and a chromogenic
assay. FVIII, coagulation factor FVII[; CWA, clot waveform analysis; APTT, activated partial
thromboplastin time; TT, thrombin time; Emi, emicizumab; red symbol, plasma with emicizumab.
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Figure 4. CWA-APTT in a hemophilia patient treated with FVIII concentrate (a) and a hemophilia
patient treated with emicizumab (b). CWA, clot waveform analysis; APTT, activated partial
thromboplastin time; navy line, fibrin formation curve; FFH, fibrin formation height; pink line, 1t
derivative curve (velocity); 1#DPH, first derivative peak height; light blue, 2 derivative curve
(acceleration); 2" DPH, second derivative peak height; solid line, patient; dotted line, healthy
volunteer activities were 92.0%-101% with a normal peak time and normal peak height on the CWA-
APTT and a markedly shortened peak time and elevated peak height of the 1%t DP on the CWA-TT
(Figure 5c). Regarding the CWA-TT, HA-6 treated with emicizumab showed a low peak height of the
1t DP and no significant difference between PPP and PRP (Figure 6a,b), whereas HA-2 treated with
FVIII concentrate showed a low peak height and second peak of the 1% DP in PPP and a markedly
high peak height and combined first and second peaks of the 15t DP in PRP (Figure 6¢,d).
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Figure 5. CWA-APTT and CWA-sTF/FIXa in a hemophilia patient treated with FVIII concentrate.
CWA, clot waveform analysis; APTT, activated partial thromboplastin time; sTF/FIXa, small amount
of tissue factor induced FIX activation assay; navy line, fibrin formation curve; FFH, fibrin formation
height; pink line, 1% derivative curve (velocity); 1*DPH, first derivative peak height; light blue, 2nd
derivative curve (acceleration); 2" DPH, second derivative peak height; solid line, patient; dotted line,
healthy volunteer .
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Figure 6. CWA-TT in a hemophilia patient treated with emicizumab or FVIII concentrate. CWA, clot
waveform analysis; TT, thrombin time; navy line, fibrin formation curve; FFH, fibrin formation
height; pink line, 1%t derivative curve (velocity); 1#DPH, first derivative peak height; light blue, 24
derivative curve (acceleration); 2" DPH, second derivative peak height; PPP, platelet poor plasma;
PRP, platelet rich plasma; EMI. Emicizumab; FVIIL, coagulation factor FVIII reagent.

4. Discussion

Although there was not sufficiently high frequency of regular replacement ther apy in the
present study, regular replacement therapy including emicizumab is a common therapy [19,20] that
is being administered with increasing frequency in Japan. In particular, treatment with emicizumab
has spread [21,22]. Emicizumab can decrease the injection time and its injection procedure is easy.
However, FVIII activity and inhibitors cannot be measured using routine APTT assays in patients
treated with emicizumab [23]. Therefore, we developed an FVIII assay based on a CWA-TT
independent of the presence of emicizumab [16]. Although three FVIII activities in plasma without
emicizumab based on a CWA-APTT, CWA-TT or chromogenic assay were well correlated, FVIII
activities based on a CWA-TT were higher than those based on a CWA-APTT or chromogenic assay,
suggesting that thrombin burst [17,24] may increase FVIII activity based on a CWA-TT.

The CWA-APTT in patients treated with emicizumab shows shortened peak time, however this
shortness on CWA-APTT does not reflect the physiological hemostatic ability. Although combination
therapy with emicizumab and activated plasma prothrombin complex concentrate was reported to
be associated with thrombosis [8], single therapy with emicizumab cannot cause thrombotic
complications. The peak height on the CWA-APTT may reflect the physiological hemostatic ability,
and a low peak height on the CWA-APTT was reported to be associated with major bleeding [25]. In
addition, the peak height on the CWA-APTT may well reflect FVIII activity [26,27]. Elevated peak
heights on the CWA-APTT and CWA-sTF/FIXa were reported to be associated with thrombosis
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[28,29], suggesting that markedly high peak heights on the CWA-APTT and CWA-sTF/FIXa may
indicate a risk of thrombosis. This increase in peak height on the CWA-APTT and CWA-sTF/FIXa
may ne due to thrombin burst [17].

Regarding hemophilic patients treated with FVIII concentrate, patient HA-2 showed a
prolonged peak time on the CWA-APTT but a normal peak height on the CWA-APTT, suggesting
that the peak time and peak height may have different hemostatic abilities in the same CWA-APTT.
At approximately 8% FVIII activity based on APTT, the peak height on the CWA-APTT showed a
relatively low hemostatic ability and the peak height on the CWA-sTF/FIXa showed a normal
hemostatic ability, suggesting that the evaluation of the hemostatic ability may differ between these
assays. At approximately 16% of FVIII activity based on APTT, the peak height on the CWA-APTT
showed a normal hemostatic ability and the peak height on the CWA-sTF/FIXa showed an elevated
hemostatic ability, suggesting that the thrombotic risk in this state may be temporarily similar or
higher than that in healthy persons. At approximately 100% of FVIII activity based on APTT, both
the CWA-APTT and CWA-sTF/FIXa suggest that the thrombotic risk may be similar or higher than
that in healthy persons.

In addition, the peak height on the CWA-TT was significantly higher in PRP than in PPP,
suggesting that hemophilic patients treated FVIII concentrate, especially EHL-FVIII concentrate,
were affected by thrombin burst-dependent platelets. These findings suggest that hemophilic
patients treated with FVIII concentrate may temporarily have the same or higher risk of thrombosis
than healthy individuals. This raises the question of whether or not this temporal effect of high-dose
FVIII concentrate is problematic for thrombotic risk in hemophilic patients.

5. Conclusions

The FVIII activity in the present study was evaluated by several methods, including the APTT,
CWA-TT and chromogenic assays, and the one stage method did not show the physiological activity.
The peak height on the CWA-TT or CWA-sTF/FIXa showed higher coagulability than routine APTT.
Hemophilic patients treated with FVIII concentrate are affected by thrombin burst. This raises the
question of whether or not does the transient increase in FVIII activity leads to a thrombotic risk.
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